We describe a new data product from the CGEM (Coronal Global Evolutionary Model) collaboration that estimates the Lorentz force in active regions (ARs) based on HMI vector magnetogram patches. Following Fisher et al. (2012), we compute three components of the integrated Lorentz force over the outer solar atmosphere every 12 minutes throughout an AR's disk passage. These estimates, differenced during solar eruptive events, can provide valuable diagnostics on dynamic processes. We describe the pipeline modules, provide data retrieval examples, and document some systematic uncertainties that users should be aware of.
Lorentz Force on Plasma Bulk
Starting from the Maxwell stress tensor for a static magnetic field, the total Lorentz force acting on a bulk of plasma in the solar atmosphere (at and above the photosphere) can be written as a surface integral of the photosphere field B = (B x , B y , B z ), assuming the contribution from the top and side boundaries is negligible (Fisher et al., 2012) . The horizontal (F x , F y ) and vertical (F z ) components are 
respectively. Here the z-direction is pointing upward from the photosphere.
Recent observations have confirmed that rapid, permanent changes take place in the photospheric field during major flares (Sudol & Harvey, 2005; Petrie & Sudol, 2010; Wang et al., 2012; Sun et al., 2012) . This change results in a Lorentz force impulse (Hudson et al., 2008; Fisher et al., 2012) ; the change of force δF = (δF x , δF y , δF z ) is
During major flares, B h = B 2 x + B 2 y generally increases, while B z remains less effected. This results in a positive δF z , the impulse of which may help launch the ejecta. One may estimate the CME mass M, for example, from
where δt is the interaction time scale (e.g. minutes), and v the CME speed. As another example, the change of torque from F h has been used to explain the sudden angular velocity change of the rotating sunspots during a large flare (Wang et al., 2014) .
It is worthwhile to note that the Lorentz force or Lorentz force impulse acting on the solar interior (at the photosphere and below) are equal and opposite to the values given by Equation set 1. 2 The CGEM Data Product: cgem.Lorentz
The HMI pipeline now routinely produces full disk, disambiguated vector magnetograms. We make use of the Space weather HMI Active Region Patch (SHARP; Bobra et al., 2014 ) data product, which automatically extracts and groups the active region vector magnetogram patches. We perform mapping and vector projection on the SHARP data (Sun, 2013) ; the final product includes three maps (B φ , B θ , B r ) (zonal, meridional, radial) measured on a cylindrical equal-area (CEA) grid. We make the approximation (B φ , B θ , B r ) = (B x , −B y , B z ) and use these vector maps to estimate the Lorentz force based on Equation set 1 for each AR every 12 minutes.
The data series cgem.Lorentz consists of the following, and can be accessed via the JSOC website.
a) Integrated Lorentz forces as keywords. Table 1 lists the relevant keywords with descriptions. Two sets of calculations are involved: one uses every pixel in the map; the other uses only the strong field pixels based on a time-space-dependent noise mask 1 . A normalized version is also provided, which is useful for evaluating the magnetoram as input for force-free extrapolations (Wiegelmann et al., 2006) . b) Three "force density" maps (e.g. a map of −B x B z ∆A/(4π)). Figure 1 shows an example. 
The quick-plot service provided by the JSOC website is useful for exploring the temporal evolution. Users may select the keywords they wish to explore under the "RecordSet Select" tab, and use the "Graph" tab to generate the temporal profile. Figure 2 shows an example.
1 The noise mask is generated for the 180-degree azimuthal ambiguity resolution and is described in Section 7.1.1 in Hoeksema et al. (2014) .
In short, we gather field strength images taken where the spacecraft is with in a certain velocity range, smooth them with low order Chebychev filter, and use the median value of all these images at each pixel as the noise estimation. They are named conf_disambig and are available in the SHARP data series hmi.sharp_cea_720s. A value of 90 indicates strong field. (Table 1) .
Usage and Uncertainties
Several systematic uncertainties are listed here. An example temporal profile illustrates these points in Figure 3 .
1. Orbital-velocity-related periodicity. Due to the geosynchronous orbit of SDO, the line profile shifts throughout the day. This affects the magnetic field determination, mostly in the line-of-sight component . The variation is estimated to be about 1% in the umbrae, 2% in the penumbrae, and 5% in the quiet regions. Such variation is carried into the Lorentz force calculation.
2. Longitudinal dependence of F x and F z . We find that the integrated F x is generally positive on the eastern hemisphere, and negative on the west. The values scale approximately linearly with longitude, and the relative magnitude (B x B z )/ B 2 (EPSX) can be several tens of percent when the AR is away from the central meridian 2 . This signal thus dominates other known systematics. F z is also affected but not so much for F y . We tentatively attribute this to the changing noise level in B x . Investigation is underway.
3. Mapping and masking. The calculations are performed in CEA coordinates (Sun, 2013 ). An independent Mercator mapping was tested which yields differences of a few percent. During the transition from AR patch to full-disk azimuthal disambiguation, the weak-field mask threshold has increased. (The AR patch disambiguation uses the noise mask plus a 20 G constant as the threshold, whereas for full disk the constant increases to 50 G to speed up the computation.) This yields a difference of several percent, and affects data after 2014 Jan 15. 2. The sudden changes of F z (over about one hour) can be small compared to the secular ones (over days). Results need to be interpreted with care.
3. Non-optimal data (flagged with a non-zero value of the QUALITY keyword) may have higher noise and thus abnormal values of Lorentz force.
4. The increase of F z near the polarity inversion line generally persists, as the increase of B h there is permanent. However, the integrated F z may display a spike-like profile, returning to the pre-flare values soon after the eruption (Figure 2(b) ). Difference maps show that the increase near the polarity inversion line is compensated by the decrease in peripheral regions (Figure 1(c) ).
5.
The increasing noise level in the vector field towards limb and the varying noise-mask yield a variation of the number of pixels included in the computation. Care is needed for interpreting data far away from central meridian.
6. The CEA maps retain the same map size for all time steps, resulting frames containing NaNs near the limb. In this case the indices may be NaN too.
